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Abstract

The impact of body mass index (BMI) on cardiovascular outcomes in patients receiving intensive
low-density lipoprotein cholesterol (LDL-C) lowering therapy is uncertain. We performed meta-
analysis of 29 randomized controlled trials using PubMed, Embase, and CENTRAL through April
2019. Therapies were grouped as more intensive LDL-C lowering therapy (statins, ezetimibe +
statin or PCSK9 inhibitors) and less intensive LDL-C lowering therapy (less potent active control
or placebo). Random effects meta-regressions and meta-analyses were performed to evaluate
association of BMI with cardiovascular endpoints. In 265,766 patients, for every 1 kg/m? increase
in BMI, more intensive therapy compared with less intensive therapy was associated with hazard
ratio (HR) of 1.07 for cardiovascular mortality (95% confidence interval 1.02 to 1.13); HR of 1.03
for all-cause mortality (0.99 to 1.06) HR of 1.06 for myocardial infarction (1.02 to 1.09), HR of
1.08 (1.03 to 1.12) for revascularization and HR of 1.04 for MACE (1.01 to 1.07). Meta-analysis
showed that patients with BMI <25 kg/m? had the highest risk reduction in mortality and
cardiovascular outcomes compared with patients with BMI =30 kg/m? (p-interaction <0.05). In
conclusion, patients with normal BMI treated with intensive LDL-C lowering regimens may derive
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a larger clinical benefit compared with patients with larger BMI. The results could be due to the
higher mortality rate of obese patients that may artificially lower the efficacy of therapy, or due to
a true therapeutic limitation in these patients.

Methods

Low density lipoprotein cholesterol (LDL-C) is a well-established target for prevention of
atherosclerotic cardiovascular disease (ASCVD); intensive LDL-C reduction with statins
alone or in combination with ezetimibe and proprotein convertase subtilisin/kexin type 9
(PCSKO9) inhibitors, decreases the risk of major adverse cardiovascular events (MACE)?.
Within this framework, obesity represents an independent predictor of ASCVD.2 Body mass
index (BMI) is considered a noninvasive surrogate marker of body fat and screening tool for
obesity and health risks.3 A recent study reported a monotonic correlation between
maximum BMI measured over 24 years of weight history and total mortality, with an
incremental risk in the obese I and 11 groups compared with normal weight group.3 Another
collaborative analysis of 57 prospective studies showed that BMI was the strongest predictor
of all-cause mortality.* Lipid disorders occur frequently in obese patients and are often
associated with cardiovascular risk factors, which consequently lead to higher cardiovascular
morbidity and mortality.3 Furthermore, obesity has been documented to alter lipid
metabolism, drug distribution, and clearance.> However, it remains uncertain whether and to
which extent BMI affects the clinical efficacy of contemporary LDL-C lowering therapies.
Herein, we performed a meta-analysis and metaregression of randomized controlled trials to
investigate the impact of BMI on the efficacy of LDL-C lowering therapies.

This meta-analysis followed the Cochrane Collaboration guidelines and Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA).5:" Two independent
researchers (M.U.K and M.S.K) conducted the literature search using PUbMED, Embase and
CENTRAL databases through April 2019. Additional online resources included
ClinicalTrials.gov, Clinical Trial Results (http://www.clinicaltrialresults.org), and TCTMD
(https://lwww.tctmd.com/). A broad search strategy was applied using relevant search terms:
“lipid,” “low density lipoprotein cholesterol,” “LDL-C,” “statin,” “proprotein convertase
sublilisin/kexin type 9,” and “ezetimibe” (e Table 1). The search was restricted to Human
and clinical trial. Duplicates were removed and 2 investigators (M.U.K and M.S.K)
scrutinized the remaining articles at the title and abstract level followed by full text
screening based on the predefined study selection criteria.

The predetermined inclusion criteria werel: randomized controlled trials of therapies that
reduce LDL-C levels by upregulating the LDL receptors and recommended for intensive
LDL-C lowering (statins and nonstatin therapies used in combination with statins [ezetimibe
and PCSK® inhibitors]),2 sample size >1,000 patients and follow-up duration of at least 48
weeks, and? trials that reported baseline BMI (kg/m?) of participants and cardiovascular
outcomes of interest. We excluded trials of lipid lowering therapies that do not reduce the
LDL-C level by upregulation of LDL-C receptors (cholesteryl ester transfer protein
inhibitors, fibrates, and niacin), as these therapies have shown inconsistent results in yielding
cardiovascular benefits.® Omega 3 fatty acids trials were excluded since they are known to
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increase LDL-C levels.® Trials with competing interests, such as renal failure and heart
failure were also excluded.

Two investigators (M.U.K and S.V) independently abstracted the data on prespecified data
collection forms, adjudicated the data and resolved any disagreements related to data with
discussion or third-party review (S.U.K). Data were extracted on baseline characteristics of
the trials and patients, crude point estimates, number of events and sample sizes, baseline
and achieved LDL-C in each group, difference between the groups and percentage reduction
in LDL-C values. If available, we abstracted data directly from the trial manuscript;
otherwise, previous meta-analyses were examined for the required information.10.11

The between-group LDL-C difference (absolute amount of LDL-C reduction of more
intensive LDL-C lowering therapy) values and percentage reduction of LDL-C in the active
ann were calculated over the course of follow-up duration of each trial.12 The data
acquisition was performed according to intention to treat principle. The trial level risk of
bias assessment was performed on the Cochrane Risk of Bias Tool (e Table 2). Consistent
with previous reports, patients were randomized to more intensive LDL-C lowering therapy
(Stalin, ezetimibe + statin or PCSK9 inhibitors) or less intensive LDL-C lowering therapy
groups (less potent active control or placebo).12 The primary outcome of interest was
cardiovascular mortality. The secondary end points were all-cause mortality, myocardial
infarction (M), revascularization (coronary artery bypass grafting, coronary or other arterial
percutaneous interventions), cerebrovascular events, and MACE. The cerebrovascular events
and MACE are defined in e-Tables 3 and 4.

To account for variation in follow-up duration across trials, we calculated the hazard ratio
(HR) with 95% confidence intervals (Cl). The HRs with 95% Cls for each outcome was
extracted for each end point from the trials when reported. For trials in which HRs was not
reported, we estimated the /og (HR) and its variance using a previously validated method.14
Estimates were pooled using DerSimonian and Laird random effects models. Heterogeneity
was evaluated through Q statistics with 12 >75% being consistent with a high degree of
heterogeneity.1®

The random effects metaregression analyses were conducted to calculate change in estimates
per increase in BMI (each 1 kg/m? increase). In supplemental analyses, we included a series
of sequentially adjusted multivariable regressions in the model to determine the impact of
increasing BMI after accounting for covariates (baseline LDL-C, absolute reduction in LDL-
C, percentage reduction in LDL-C, age, gender, and risk profile) (e Table 5). The index &2
value was used to determine the proportion of variance accounted for by increase in BMI.
Additional analyses were conducted to examine association of baseline LDL-C and absolute
reduction in LDL-C values with clinical end points (e Table 6).

Meta-analyses were stratified according to BMI thresholds, which were predefined
according to the Centers for Disease Control and Prevention Criteria, that is, <25 (normal or
healthy weight), 25.0 to 29.9 (overweight) and =30 (obese).18 Analyses were reported with
respect to weighted mean absolute LDL-C reductions in each BMI group to show LDL-C
lowering potential of more intensive LDL-C therapy per BMI category. Additional
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sensitivity analyses were conducted according to prespecified LDL-C groups, drug class,
primary versus secondary prevention trials, and exclusion of one trial at a time and to assess
potential sources of heterogeneity (e Tables 7-11). The prespecified stratification for
baseline LDL-C values followed the National Cholesterol Education Program Adult
Treatment Panel 111, that is, <100, 100 to 129, 130 to 159, and >160 mg/dI*; whereas
absolute LDL-C reduction was stratified as <35 mg/dl, 35-65 mg/dL and >65 mg/dl, and
percent reduction in LDL-C as <25, 25 to 50 and >50.18 Publication bias was visually
assessed using funnel plots. For all analyses, statistical significance threshold was 5%.
Statistical analyses were conducted using the “Metafor” package version 3.30 (R Project for
Statistical Computing)1® and Comprehensive Meta-Analysis Software 3.0 (Biostat,
Englewood, New Jersey).

Of 5,032 identified records, ultimately, 29 trials (266,148 patients) met our inclusion criteria
(Figure 1). A total of 21 stalin trials, 3 trials of ezetimibe + statin and 5 trials of PCSK9
inhibitor therapy were included. The baseline characteristics of trials and participants are
reported in e Table 12. The pooled mean BMI was 27.6 + 1.64 kg/m2. The pooled mean
baseline LDL-C was 129.1 + 28.4 mg/dl and the pooled mean absolute LDL-C reduction
was 40.9 £ 17.4 mg/dl. The weighted mean LDL-C difference in patients with BMI <25 was
46.6 + 19.8 mg/dl, BMI 25 to 29.9 was 38.8 + 15.7 mg/dl and =30 was 57.9 + 8.5 mg/dI.
The weighted mean follow-up duration was 3.9 + 1.6 years.

Metaregression analysis showed that lor every 1 kg/m? increase in BMI, more intensive
therapy was associated with a HR for cardiovascular mortality of 1.07 (1.02 to 1.13)
compared with less intensive therapy (Figure 2). The overall risk reduction in cardiovascular
mortality with more versus less intensive LDL-C lowering was 0.85 (0.80 to 0.91) but varied
by mean BMI of the patients enrolled in the trials. Patients with BMI <25 kg/m? had the
highest risk reduction in cardiovascular mortality (HR 0.57 [0.37 to 0.86]) followed by those
with BMI 25 to 29.9 kg/m? (HR 0.86 [0.80 to 0.92]). Conversely, patients with BMI =30
kg/m? had a HR of 0.96 (0.68 to 1.33; p-interaction = 0.05) (Figure 3).

Metaregression analysis showed that for every 1 kg/m? increase in BMI, more intensive
therapy was associated with a HR of all-cause mortality of 1.03 (0.99 to 1.06) compared
with less intensive therapy (Figure 4). The overall risk reduction in all-cause mortality with
more versus less intensive LDL-C lowering was 0.93 (0.90 to 0.97) but varied by mean BMI
of the patients enrolled. Patients with BMI <25 kg/m? had the greatest risk reduction in all-
cause mortality (HR 0.67 [0.51 to 0.89]) followed by those with BMI 25 to 29.9 kg/m? (HR
0.94 [0.90 to 0.98]). Although patients with BMI =30 kg/m? had HR of 1.00 (0.78 to 1.28;
p-interaction = 0.02) (Figure 5).

Metaregression analysis showed that for every 1 kg/m? increase in BMI, more intensive
therapy was associated with HR of MACE of 1.04 (1.01 to 1.07) compared with less
intensive therapy (e Figure 1). The overall risk reduction in MACE with more versus less
intensive LDL-C lowering was 0.82 (0.79 to 0.86) which varied by baseline BMI of those in
trials (p-interaction = 0.03) (e Figure 2).
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Metaregression analysis showed that for every 1 kg/m? increase in BMI, more intensive
therapy was associated with a HR of M1 of 1.06 (1.02 to 1.09) compared with less intensive
therapy (e Figure 3). The overall risk reduction in MI with more versus less intensive LDL-C
lowering was 0.77 (0.73 to 0.82) but varied by baseline BMI. Patients with BMI <25 kg/m?
had highest risk reduction in risk of MI (HR 0.47 [0.32 to 0.67]) followed by those with
BMI 25 to 29.9 kg/m? (HR 0.78 [0.74 to 0.82]). Although patients with BMI =30 kg/m? had
HR of 0.89 (0.67 to 1.19; p-interaction = 0.01) (e Figure 4).

Metaregression analysis showed that for every 1 kg/m? increase in BMI, more intensive
therapy was associated with HR of revascularization of 1.08 (1.03 to 1.12) compared with
less intensive therapy (e Figure 5). The overall risk reduction in revascularization with more
versus less intensive LDL-C lowering was 0.78 (0.73 to 0.83) which varied by baseline BMP
Patients with BMI <25 kg/m?2 had highest risk reduction in revascularization (HR 0.56 [0.41
to 0.76]) followed by those with BMI 25 to 29.9 kg/m? (HR 0.78 [0.74 to 0.83]). Although
patients with BMI =30 kg/m? had HR of 1.15 (0.69 to 1.94; p-interaction = 0.02) (e Figure
6).

Metaregression analysis showed that for every 1 kg/m? increase in BMI, more intensive
therapy was associated with HR of cerebrovascular events of 0.99 (0.94 to 1.03) compared
with less intensive therapy (e Figure 7). The overall risk reduction in cerebrovascular events
with more versus less intensive LDL-C lowering was 0.81 (0.77 to 0.86) but did not vary by
baseline BMI of those in trials (p-interaction = 0.74) (e Figure 8).

Publication bias assessment for each end point is shown in funnel plots (e Figures 9-14).
The association with risk reductions for each outcome was consistent for drug type, setting,
LDL-C groups or after removal of a trial at a time (e Tables 5-11). BMI accounted for 54%
of the variance for cardiovascular mortality, 23% for all-cause mortality, 63% for Ml, 51%
for revascularization, and 27% for MACE.

Discussion

The main findings of this large-scale report are as follows!: the risk reduction for mortality
in patients receiving more intensive LDL-C lowering therapy versus less intensive LDL-C
lowering therapy varied by the baseline BMI of the patients enrolled?; there was an inverse
association between BMI and reduction of cardiovascular mortality, Ml, revascularization,
and MACE, but not cerebrovascular events; and3 the BMI effect on cardiovascular outcomes
was independent of LDL-C lowering and baseline patient risk profile. These findings
suggest that patients with normal BMI treated with intensive lipid-lowering regimens may
derive a larger clinical benefit compared with patients with larger BMI values. The results
could be due to the higher mortality rate of obese patients that may artificially lower the
efficacy of therapy, or due to a true limitation of therapeutic efficacy in these patients.

In HPS (Heart Protection Study) trial, vascular event rates were higher in obese than
nonobese patients receiving simvastatin or placebo.20 Similarly, in a landmark analysis of
the WOSCOPS (West of Scotland Coronary Prevention Study), the risk of fatal coronary
heart disease was significantly higher in patients with BMI between 30.0 and 39.9 after
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adjusting for traditional risk factors, including statin therapy.2! We speculate that there are at
least a few mechanisms that may explain the association we reported. First, the hallmark of
dyslipidemia in obesity is elevated total cholesterol, triglycerides (TG), and very low-density
lipoprotein cholesterol with lower high density lipoprotein cholesterol (HDL-C) levels.22
However, the association of body weight with LDL-C levels has been variable.?2 An
analysis of the NHANES database showed that increasing BMI was associated with higher
total cholesterol, TG, and non-HDL-C, but LDL-C levels that did not vary with BMI.23
Current guidelines consider elevated TG levels as a “risk enhancing factor,” and in the
setting of TG >200 mg/dl, increased levels of very low-density lipoprotein cholesterol
significantly enhance the risk predicted by LDL-C levels.24 Therefore, arguably non—HDL-
C, instead of LDL-C might serve as a better therapeutic target in the setting of
hypertriglyceridemia associated with obesity. Statin therapy is a drug of choice for reducing
LDL-C and non-HDL levels.24 However, statins have a marginal impact on TG, and might
not fully treat the characteristic dyslipidemia associated with obesity.22 Similarly, ezetimibe
can lower LDL-C an additional ~10% to 20% on top of statin therapy, but has no effect on
TG absorption.22

Second, inflammation is responsible for a substantial residual risk for ASCVD after optimal
medical therapy is implemented.24 Sandfort et al showed progression of carotid
atherosclerosis in obese patients having on treatment (statin) LDL-C levels of 74 mg/dl.2° In
the same analysis, the C-reactive protein level was higher in obese patients compared with
nonobese patients and was associated with plaque progression. In another study, plaque
progression was not controlled using moderate to low intensity statin iherapy, suggesting a
need for aggressive risk factor modification in addition to LDL-C lowering in obese patients.
Finally, obesity has been found associated with a reduced expression of LDL receptors that
in turn can modulate the efficacy of LDL-C lowering therapies.?? Ultimately, these factors
might lead to greater plaque vulnerability and higher mortality and cardiovascular events in
obese patients.

Several limitations of this analysis are acknowledged common to all meta-analysis, owing to
lack of patient level data, this meta-analysis is limited to and by the trial level information.
However, we generated various multivariate metaregression and sensitivity analyses to
account for heterogeneity and results have been found consistent. The accuracy of BMI as a
marker of obesity is controversial, as it reflects both lean and fat mass26; however, we used
BMI to be consistent with the Centers for Disease Control report and large cohort studies of
obesity.3416 Furthermore, recent data have shown no difference between BMI or other
anthropometric measures such as waist circumference for estimation of cardiovascular risk.
427 Since the included trials were not powered to assess the impact of BMI on mortality and
cardiovascular end points, these findings can be viewed as hypothesis generating and must
be validated by high quality clinical trials.

In conclusion, intensive LDL-C lowering appeared to benefit patients with lower BMI more
than patients with higher BMI. Although weight reduction is encouraged to improve the
cardiovascular risk profile, professional guidelines focus on concrete LDL-C targets in
patients with established ASCVD. With the increasing rate of obesity and its hazardous
impact on cardiovascular health,? data such the ones presented in this study should provide
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an enhanced rationale for public health initiatives focused on the importance of keeping a
healthy body weight throughout life.
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Figure 1.

assessed for eligibility —»

(N=2,343) (N=1,970)
okt aiates Full-text articles excluded, with reasons

(Not randomized controlled trials=195)
(Systematic reviews/ meta-analyses=86)
(Sample size<1000=35)
(Follow-up<48 weeks=28)
(N=344)

Study selection process. PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) flow chart describing the study selection process along with the reasons for

exclusion.
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Figure 2.
Meta-regression for BMI effect on cardiovascular mortality. Change in hazard ratios and

95% confidence intervals for cardiovascular mortality plotted against body mass index
(BMI, kg/m?). Size of the data marker is proportional to the weight in the meta-regression.
Data marker colors represent the classes of lipid-lowering agents used in the active treatment
group as per trial randomization design. The solid line represents the meta-regression slope
of the change in hazard ratio for treatment across BMI values.
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BMI, Kg/m2  Study name LDL-C Difference Statistics for each study Hazard Ratio and 95% Cl
me/dL Hazard Lower  Upper
ratio limit limit
<25 MEGA (2006) 20.4 0.63 0.30 1.33
GREACE (2002) 72.9 0.54 0.32 090
46.6 0.57 0.37 0.86 -
25-299 IMPROVE IT (2015) 12.8 1.00 0.89 1.13
SEARCH (2010) 135 0.99 0.88 1.11
ALLHAT-LLT (2002) 17.4 0.98 0.84 1.15
GISSI-P (2000) 17.9 0.80 0.56 1.15
IDEAL (2005) 217 1.03 0.85 1.24
TNT (2005) 24.0 0.80 0.62 1.04 —_—
SHARP (2011) 29.3 093 0.81 1.07 ——
PROVE IT-TIMI22 (2004) 329 0.79 0.46 1.37 3 -
ASPEN (2006) 338 1.03 0.65 1.61
HOPE 3 (2016) 34.4 0.89 0.72 1.11 el
ASCOT-LLA (2003) 37.2 0.90 0.66 1.23 —_—
ALERT (2003) 38.1 0.67 0.44 1.01 "
HPS (2002) 38.7 0.83 0.76 0.92 ——
ODYSSEY OUTCOMES (2018) 38.7 0.88 0.74 1.05 —a—t
CARDS (2004) 39.2 0.68 0.41 1.12 3 -
CARE (1996) 40.3 0.81 0.62 1.05 —_—
AFCAPS/TexCAPS (1998) 41.7 0.68 0.37 1.25 -
WOSCOPS (1995) 49.9 0.69 0.48 0.98 -
PROSPER (2002) 50.0 0.76 0.58 0.99 —
FOURIER (2017) 54.1 1.05 0.88 1.25 —m—
JUPITER (2008) 54.9 0.53 0.40 0.70 %I—
SPARCL (2006) 55.3 0.78 0.58 1.05 —l—
45 (1999) 67.6 0.66 0.53 0.82 —_—
SEAS (2008) 69.0 0.83 0.56 1.23 -
38.8 0.86 0.80 0.92 —_
230 SPIRE-1(2017) 44.9 1.20 0.74 1,95 .
SPIRE 2 (2017) 58.0 082 050 135 B
ODYSSEY LONGTERM (2015) 70.8 0.58 0.18 1.89 H
579 0.96 0.68 1.33 —_—
0.85 0.80 091 ——
P-interaction = 0.05; <25 Kg/m?vs. > 25 Kg/m? 0.5 1 2

Favors More Intensive  Favors Less Intensive
LDL-C Lowering LDL-C Lowering

Figure 3.
Meta-analysis for cardiovascular mortality. Individual and summary hazard ratios for

myocardial infarction. 4S (SSSS) = Scandinavian Simvastatin Survival Study; ALLHAT-
LLT = AFCAPS-TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study;
ALERT = Assessment of LEscol in Renal Transplantation Study; ASCOT-LLA = Anglo-
Scandinavian Cardiac Outcomes Trial—Lipid Lowering Arm; ASPEN = Atorvastatin Study
for Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes
Mellitus; CARE = Cholesterol And Recurrent Events; CARDS = Collaborative Atorvastatin
Diabetes Study; FOURIER = Further Cardiovascular Outcomes Research with PCSK9
Inhibition in Subjects with Elevated Risk; GISSI-P = Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico; HOPE-3 = Heart Outcomes Prevention Evaluation;
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GREACE = The GREek Atorvastatin and Coronary-heart-disease Evaluation Study; HPS =
Heart Protection Study; IDEAL = Incremental Decrease in End Points Through Aggressive
Lipid Lowering Study Group; IMPROVE-IT = Improved Reduction of Outcomes: Vytorin
Efficacy International Trial; JUPITER = Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin study group; LIPID = Long-term Intervention
with Pravastatin in Ischaemic Disease; MEGA = Management of Elevated Cholesterol in the
Primary Prevention Group of Adult Japanese Study Group; ODYSSEY LONG TERM =
Long-term Safety and Tolerability of Alirocumab in High Cardiovascular Risk Patients with
Hypercholesterolemia Not Adequately Controlled with Their Lipid Modifying Therapy;
ODYSSEY Outcomes = Evaluation of Cardiovascular Outcomes After an Acute Coronary
Syndrome During Treatment With Alirocumab; PROVE IT-TIMI 22 = the Pravastatin or
Atorvastatin Evaluation and Infection Therapy; PROSPER = PROspective Study of
Pravastatin in the Elderly at Risk; SEARCH = Study of the Effectiveness of Additional
Reductions in Cholesterol and Homocysteine; SEAS = Simvastatin and Ezetimibe in Aortic
Stenosis; SHARP = Study of Heart and Renal Protection; SPARCL = The Stroke Prevention
by Aggressive Reduction in Cholesterol Levels; SPIRE 1 & 2 = Studies of PCSK9 Inhibition
and the Reduction of Vascular Events 1 & 2; TNT - Treating to New Targets; WOSCOPS =
West of Scotland Coronary Prevention Study.
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30

I
32

Meta-regression for BMI effect on all-cause mortality. Change in hazard ratios and 95%
confidence intervals for all-cause mortality plotted against body mass index (BMI, kg/m?).
Size of the data marker is proportional to the weight in the meta-regression. Data marker
colors represent the classes of lipid-lowering agents used in the active treatment group as per
trial randomization design. The solid line represents the meta-regression slope of the change

in hazard ratio for treatment across BMI values.
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BMI, Kg/m2  Study name LDL-C Difference Statistics for each study Hazard Ratio and 95% CI
mg/dL
Hazard lLower  Upper
ratio limit limit
<25 MEGA (2006) 20.4 0.72 0.51 1.01
GREACE (2002) 72.9 058 036 096 il
46.6 0.67 0.51 0.89 ——
25-29.9 IMPROVE IT (2015) 12.8 0.99 0.91 1.07
SEARCH (2010) 135 0.99 0.91 1.09
ALLHAT-LLT (2002) 17.4 0.98 0.88 1.10
GISSI-P (2000) 17.9 0.82 0.60 112
IDEAL (2005) 21.7 0.98 0.85 1.13
TNT (2005) 24.0 1.01 0.85 1.20
SHARP (2011) 293 1.02 0.94 1.11
PROVE IT-TIMI22 (2004) 32.9 0.70 0.48 1.01
ASPEN (2006) 33.8 1.03 0.74 1.44
HOPE 3 (2016) 344 0.93 0.80 1.08 —r
ASCOT-LLA (2003) 37.2 0.87 0.71 1.06 ——p
ALERT (2003) 38.1 1.04 0.82 1.31 —_—ti
HPS (2002) 38.7 0.88 0.82 0.95 -
ODYSSEY OUTCOMES (2018) 38.7 0.85 0.73 0.98 —
CARDS (2004) 39.2 0.73 0.52 1.02 -
CARE (1996) 40.3 0.92 0.75 112 —_—
AFCAPS/TexCAPS (1998) 41.7 1.04 0.76 1.42
WOSCOPS (1995) 49.9 0.79 0.61 1.01
PROSPER (2002) 50.0 0.97 0.83 1.14
FOURIER (2017) 54.1 1.04 0.91 1.19
JUPITER (2008) 54.9 0.80 0.66 0.96 —_—
SPARCL (2006) 55.3 1.00 0.82 1.21
45 (1999) 67.6 0.71 0.59 0.86 ——
SEAS (2008) 69.0 1.04 0.79 1.36
38.8 0.94 0.90 0.98 -
230 SPIRE-1(2017) 44.9 1.12 0.79 1.59 .
SPIRE 2 (2017) 58.0 0.91 0.63 1.32 -
ODYSSEY LONGTERM (2015) 70.8 0.80 0.32 2.02 . 2
579 1.00 0.78 1.28
0.93 0.90 0.97 -
P-interaction = 0.02; <25 Kg/m?vs.> 25 Kg/m? 0.5 1 2
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Favors Less Intensive
LDL-C Lowering

Figure5.

Meta-analysis for all-cause mortality. Individual and summary hazard ratios for all-cause
mortality. 4S (SSSS) = Scandinavian Simvastatin Survival Study; ALLHAT-LLT =
AFCAPS-TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study; ALERT =
Assessment of LEscol in Renal Transplantation Study; ASCOT-LLA = Anglo-Scandinavian
Cardiac Outcomes Trial—Lipid Lowering Arm; ASPEN = Atorvastatin Study for Prevention
of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus; CARE =
Cholesterol And Recurrent Events; CARDS = Collaborative Atorvastatin Diabetes Study;
FOURIER = Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects
with Elevated Risk; GISSI-P = Gruppo Italiano per lo Studio della Sopravvivenza
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nell’Infarto Miocardico; HOPE-3 = Heart Outcomes Prevention Evaluation; GREACE = The
GREek Atorvastatin and Coronary-heart-disease Evaluation Study; HPS = Heart Protection
Study; IDEAL = Incremental Decrease in End Points Through Aggressive Lipid Lowering
Study Group; IMPROVE-IT = Improved Reduction of Outcomes: Vytorin Efficacy
International Trial; JUPITER = Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin study group; LIPID = Long-term Intervention
with Pravastatin in Ischaemic Disease; MEGA = Management of Elevated Cholesterol in the
Primary Prevention Group of Adult Japanese Study Group; ODYSSEY LONG TERM =
Long-term Safety and Tolerability of Alirocumab in High Cardiovascular Risk Patients with
Hypercholesterolemia Not Adequately Controlled with Their Lipid Modifying Therapy;
ODYSSEY Outcomes = Evaluation of Cardiovascular Outcomes After an Acute Coronary
Syndrome During Treatment With Alirocumab; PROVE IT-TIMI 22 = the Pravastatin or
Atorvastatin Evaluation and Infection Therapy; PROSPER = PROspective Study of
Pravastatin in the Elderly at Risk; SEARCH = Study of the Effectiveness of Additional
Reductions in Cholesterol and Homocysteine; SEAS = Simvastatin and Ezetimibe in Aortic
Stenosis; SHARP = Study of Heart and Renal Protection; SPARCL = The Stroke Prevention
by Aggressive Reduction in Cholesterol Levels; SPIRE 1 & 2 = Studies of PCSK9 Inhibition
and the Reduction of Vascular Events 1 & 2; TNT = Treating to New Targets; WOSCOPS =
West of Scotland Coronary Prevention Study.
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